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POWER CONTROL FOR CARRIER 
AGGREGATION ON SHARED BANDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to and the benefit of 
United Kingdom application number 1201791.9, filed on 
Feb. 2, 2012, the contents of which are hereby incorporated 
by reference. 

FIELD 

0002 The invention relates generally to mobile commu 
nication networks. More particularly, the invention relates to 
communication on component carriers of a carrier aggrega 
tion configuration on a shared band. 

BACKGROUND 

0003) To achieve the high data rate requirement of the 
Long Term Evolution Advanced (LTE-A) of the 3' Genera 
tion Partnership Project (3GPP), it may be beneficial to 
increase the transmission bandwidths over those that can be 
Supported by a single carrier. Therefore, a carrier aggregation 
(CA) is proposed. By using the CA, it may be possible to 
utilize more than one carrier and in this way increase the 
overall transmission bandwidth. These channels or carriers 
may be contiguous elements of the spectrum, or they may be 
in different bands. 

0004 Moreover, an unlicensed band may be utilized along 
with or instead of a costly licensed spectrum. The unlicensed, 
license exempt or a license-free spectrum may also be called 
as a shared spectrum. Interesting shared band opportunities 
may comprise e.g. the industrial, Scientific and medical (ISM) 
bands and TV white spaces. 
0005. However the use of the unlicensed bands may be 
cumbersome due to regulations and because interference to 
other systems utilizing the shared band must be controlled, 
for example. Thus, finding free carriers for the carrier aggre 
gation from the scarcity of available interference free carriers 
on the shared band may be problematic. Therefore, a solution 
for improving the carrier aggregation communication effi 
ciency on a shared band is needed, for example. 

BRIEF DESCRIPTION OF THE INVENTION 

0006 Embodiments of the invention seek to improve the 
communication efficiency on a shared band when applying 
carrier aggregation. 
0007 According to an aspect of the invention, there is 
provided a method as specified in claim 1. 
0008 According to an aspect of the invention, there are 
provided apparatuses as specified in claims 6 and 14. 
0009. According to an aspect of the invention, there is 
provided a method, comprising: selecting, by a controller, a 
transmission power configuration for a communication with 
at least one user terminal taking place on component carriers 
of a carrier aggregation configuration within a shared band, 
wherein the selection is between a low transmission power 
configuration applying a transmission power below a prede 
termined power threshold without a listen-before-talk 
approach and a high transmission power configuration apply 
ing a transmission power of at least the predetermined power 
threshold; and upon detecting that the selected transmission 
power configuration needs to be informed, causing an indi 
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cation of the selected transmission power configuration to the 
at least one user terminal and at least one secondary cell. 
0010. According to an aspect of the invention, there is 
provided a computer program product embodied on a distri 
bution medium readable by a computer and comprising pro 
gram instructions which, when loaded into an apparatus, 
execute the method according to any of the appended claims. 
0011. According to an aspect of the invention, there is 
provided a computer-readable distribution medium carrying 
the above-mentioned computer program product. 
0012. According to an aspect of the invention, there is 
provided an apparatus comprising processing means config 
ured to cause the apparatus to perform any of the embodi 
ments as described in the appended claims. 
0013. According to an aspect of the invention, there is 
provided an apparatus comprising means for performing any 
of the embodiments as described in the appended claims. 
0014 Embodiments of the invention are defined in the 
dependent claims. 

LIST OF DRAWINGS 

0015. In the following, the invention will be described in 
greater detail with reference to the embodiments and the 
accompanying drawings, in which 
0016 FIG. 1 presents an example communication net 
work where the embodiments of the invention are applicable 
to: 
0017 FIG. 2 shows an example of a listen-before-talk 
procedure; 
0018 FIGS. 3A and 3B show WLAN/WiFi channelization 
examples; 
0019 FIG. 4 illustrates a method according to an example 
embodiment; 
0020 FIGS. 5A and 5B present example mapping based 
on CA configuration, according to an embodiment; 
0021 FIGS. 6, 7, and 8 present methods according to some 
embodiments; 
(0022 FIGS. 9A and 9B illustrate some examples for a 
detection of free and “dirty' carriers; 
0023 FIG. 10 presents a method according to an embodi 
ment; 
0024 FIGS. 11A and 11B show how a utilization ratio for 
a high transmission power is reached, according to some 
embodiments; and 
0025 FIGS. 12 and 13 illustrate apparatuses according to 
Some embodiments. 

DESCRIPTION OF EMBODIMENTS 

0026. The following embodiments are exemplary. 
Although the specification may refer to “an”, “one', or 
“some' embodiment(s) in several locations of the text, this 
does not necessarily mean that each reference is made to the 
same embodiment(s), or that a particular feature only applies 
to a single embodiment. Single features of different embodi 
ments may also be combined to provide other embodiments. 
0027 FIG. 1 shows an example communication network 
where the some embodiments of the invention are applicable 
to. The communication network of FIG. 1 may comprise a 
base station 100 providing radio coverage to a cell 102 shown 
with Solid circle and handling radio resource allocation for 
the cell 102. In general, the base station 100 applicable to the 
embodiments may be configured to provide communication 
services according to at least one of the following radio access 
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technologies (RATs): Worldwide Interoperability for Micro 
wave Access (WiMAX), Global System for Mobile commu 
nications (GSM, 2G), GSM EDGE radio access Network 
(GERAN), General Packet Radio Service (GRPS), Universal 
Mobile Telecommunication System (UMTS, 3G) based on 
basic wideband-code division multiple access (W-CDMA), 
high-speed packet access (HSPA), LTE, and/or LTE-A. The 
present embodiments are not, however, limited to these pro 
tocols. 

0028. The base station may be an evolved node B(eNB) as 
in the LTE-A, a radio network controller (RNC) as in the 
UMTS, a base station controller (BSC) as in the GSM/GE 
RAN, or any other apparatus capable of controlling radio 
communication and managing radio resources within the cell. 
For the sake of simplicity, let us assume that the base station 
100 is an eNB. In the case of multiple eNBs in the commu 
nication network, the eNBs may be connected to each other 
with an X2 interface as specified in the LTE. The eNB 100 
may be further connected via an Si interface to an evolved 
packet core (EPC) 110, more specifically to a mobility man 
agement entity (MME) and to a system architecture evolution 
gateway (SAE-GW). The MME is a control plane for con 
trolling functions of non-access stratum signaling, roaming, 
authentication, tracking area list management, etc., whereas 
the SAE-GW handles user plane functions including packet 
routing and forwarding, E-UTRAN idle mode packet buffer 
ing, a connection to Internet. 
0029. In the example of FIG. 1, user equipment (UE) 108 
and 109 are camped on the eNB 100. Furthermore, a wireless 
local area network (WLAN) base station 104 may be trans 
mitting with a coverage area 106 shown with a dotted circle. 
The term user equipment (UE) refers to a portable computing 
device. Such computing devices include wireless mobile 
communication devices operating with or without a Sub 
scriber identification module (SIM), including, but not lim 
ited to, the following types ofterminal devices: mobile phone, 
user terminal (UT). Smartphone, personal digital assistant 
(PDA), handset, laptop computer. 
0030. In an embodiment, at least some of the above con 
nections between eNB 100 and UES 108 and 109 utilise an 
unlicensed or shared spectrum which may be the same as the 
spectrum used by the WLAN base station 104 or by some 
other apparatus utilizing ISM spectrum. Thus, it may be that 
multiple systems may be allocated to share a common fre 
quency band or spectrum which is shared in a dynamic man 
ner between different systems. There may be a primary user 
system which has a priority access to the shared spectrum. For 
example, the WLAN users may be seen as the primary users 
whereas the cellular users may be so called secondary users. 
The secondary user may not be allowed to impose severe 
interference to the primary users. Alternatively, no system is 
given priority to the spectrum usage. 
0031 AS said, carrier aggregation may be of use when 
reaching the higher data rate requirements. It has been pro 
posed that a primary cell carrier (PCC) using LTE technology 
is configured on the licensed band for a primary access pro 
viding for example mobility, security and State management 
for user terminals/equipment (UT/UE), while a secondary 
cell carrier (SCC) using the WLAN technology is opportu 
nistically configured/activated on the unlicensed ISM band 
for a secondary access to provide for example additional data 
plane transport. The ISM band may be occupied by other 
systems, such as the WLAN (also known as the WiFi). There 
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fore, it may be of importance that interference between the 
systems is avoided or at least minimized. 
0032 To avoid the interference, e.g. to avoid communica 
tion on an already occupied carrier, a listen-before-talk (LBT) 
approach may be used as shown in FIG. 2. This means that 
before transmission, the device performs a clear channel 
assessment (CCA) check, as shown with blocks 200 or 204, 
using, for example, energy detect. The device may observe 
the operating channel for the duration of the CCA observation 
time (such as for 20 has) and consider channel to be occupied 
if the energy level in the channel exceeds the energy detection 
threshold. However, when channel is clear (e.g. detected 
energy below a threshold) the device may start to transmit, as 
shown with blocks 202 and 206 having right leaning diagonal 
lines. As is clear from FIG. 2, no communication takes place 
for example during the idle period 208. In other words, out of 
the fixed frame period 210, no communication takes place 
during a large portion of frame period 210. Thus, the effi 
ciency of the communication may not be optimal. 
0033. As an alternative to only the SCC applying the WiFi/ 
WLAN technology, standalone utilization is considered 
where the whole LTE system is operating on the unlicensed 
band, such as on the ISM band. Further, the LTE system may 
use an intra-band carrier aggregation mechanism, where the 
aggregated carriers are in the same band. Regarding the 
WLAN/WiFi channelization on the ISM band, which 
depends at Some level on the geographical location, let us 
assume that there are up to three non-overlapping WiFi sig 
nals possible on the ISM 2.4 GHz band, as shown in FIG. 3A 
with reference numerals 301, 306 and 311. The other chan 
nels/carriers among the plurality of channels/carriers 301 to 
313 are overlapping with at least one other carrier in this 
example embodiment. The above assumes a direct sequence 
(DS) physical layer (PHY) signal spread over 22 MHZ as in 
the IEEE 802.11b standard. Alternatively, when considering 
the 5 GHZISM band with reference to FIG.3B, let us assume 
that there are up to eight non-overlapping channels/carriers 
321 to 328 assuming orthogonal frequency division multi 
plexing (OFDM) PHY signal, which is effectively occupying 
16.25 MHz per OFDM signal according to the IEEE 802.11a 
standards. It is to be noted, that in order to enable the carrier 
aggregation, at least two relatively interference-free carriers 
are needed, which may be difficult to find on the ISM band. 
0034. In order to further optimize the communication, it is 
proposed that frame based requirements with regards to the 
LBT approach do not apply for a transmission device pro 
vided that the device limits its max output power to predeter 
mined threshold, such as to 10 dBm, instead of the 20 dBm/23 
dBm max output power specified in the ISM 2.4 GHz/5 GHZ 
unlicensed bands, respectively. Also the device may need to 
limit its transmission power to 10 dBm/MHz with respect to 
the power spectral density. This may denote that before trans 
mission, the equipment does not need to perform the CCA/ 
LBT. This may facilitate the deployment of the LTE on the 
unlicensed bands, as the LTE transmitter may transmit with 
out a need for sensing of WiFi transmissions. 
0035. Therefore, it is proposed that a base station of a 
primary cell (Pcell), such as the eNB 100, selects in step 402 
of FIG. 4, a transmission power (TP) configuration/mode for 
a communication with at least one user terminal (UT/UE) 
taking place on component carriers (CC) of a carrier aggre 
gation (CA) configuration within a shared band. Thus, the 
CCs of the CA configuration are on the shared, unlicensed 
spectrum which may be used by other systems in addition to 
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the LTE system. Details of the CA configuration are given 
later. Regarding the selection of the TP configuration, the 
selection is between a low transmission power configuration 
applying a transmission power below a predetermined power 
threshold without a listen-before-talk approach and a high 
transmission power configuration applying a transmission 
power of at least the predetermined power threshold. 
0036. In an embodiment, the predetermined power thresh 
old limits a total transmission power to 10 dBm and to 10 dBm 
per one MHz bandwidth at maximum, over the bandwidth of 
the aggregated carriers. In an embodiment, the predetermined 
power threshold limits the total transmission power to about 
10 dBm and to about 10 dBm per one MHz bandwidth at 
maximum, over the bandwidth of the aggregated carriers. The 
values may be given as equivalent isotropically radiated 
power (EIRP) values. For example, assuming a bandwidth of 
20 MHz (WiFi operating channel), these transmission power 
limitations allow the transmitting device to decide how the 
available 10 dBm total output power is divided inside the 20 
MHz bandwidth. When a uniform power spectral density is 
applied, the transmitting device may allocate 1 dBm in a 2 
MHz band (-0.5 dBm in a 1 MHz band). When no such 
uniform power spectral density is applied, the transmitting 
device may allocate all the 10 dBm transmission power in a 
single 1 MHz band if it chooses to do that. In other words, 
when the TP configuration is the low TP configuration, the 
transmission power of the transmitting device over the aggre 
gated bandwidth of the CCs is limited so that, as said earlier, 
the device may transmit without performing the CCA/LBT 
procedure, i.e. without sensing of, for example, WiFi inter 
ference on the shared band. This may ensure that the trans 
mitting device is able to transmit data even during high traffic 
load. 
0037. However, high TP configuration may be beneficial 
in some circumstances, such as when important control data 
needs to be conveyed to another communication party. There 
fore, the selected TP configuration may also be the high TP 
configuration where the transmission power is at least (equals 
to or is above) the predetermined power threshold over the 
aggregated bandwidth of the CA configuration. As such, the 
transmission power of the transmitting device. Such as the 
eNB100 or the UE 108/109, may be, for example, 10-20 dBm 
or 10-23 dBm. The strong transmit power may aid the trans 
mitted signal to reach the target device. For example, cover 
age of the transmitted signal may be extended compared to 
the low TP configuration. 
0038. In an embodiment, the selection between the high 
TP configuration and the low TP configuration is performed 
randomly in the beginning. For example, let us assume that 
the CA configuration/mode is also being set up by the eNB 
100. The eNB 100 thus may need to decide the TP configu 
ration for the set-up CA mode. In Such case, where no infor 
mation is available for which the selection could be based on, 
the eNB 100 may select the to-be-used TP configuration 
randomly. Later, the selected TP configuration may be 
switched to another, as will be explained with further embodi 
mentS. 

0039. In an embodiment, the low TP configuration is 
selected in the beginning so as to ensure that data may be 
transmitted on the shared band. As illustrated above with FIG. 
2, when the LBT procedure is used, the transmitting device 
may have problems in finding free channel for transmitting 
the information. As the low TP configuration does not apply 
the LBT procedure and uses, for example, less than 10 dBm 
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transmit power, the transmitting device is more frequently, or 
even always, allowed to access the channel and transmit the 
data. Later, the selected low TP configuration may be 
switched to another. 

0040. In another embodiment, the high TP configuration 
may be selected in the beginning to allow higher transmit 
power. This may be advantageous in that more UEs may be 
reached due to a larger coverage area, for example. Later, the 
selected high TP configuration may be switched to another. 
0041. However, it may be that there is already an on-going 
communication with the at least one UT 108, 109 applying 
the CA mode. In this case, the eNB 100 may select the TP 
mode based on certain information available to the eNB 100, 
as will be described later. 

0042. Further, the eNB 100 may in step 404 of the FIG.4, 
cause an indication of the selected TP configuration to the at 
least one UE 108, 109 and at least one secondary cell (Scell) 
upon detecting that the selected TP configuration needs to be 
informed to other communication parties. For example, when 
there is already an on-going communication applying the CA 
mode and the eNB 100 obtains information based on which 
the eNB 100 decides to keep (e.g. select) a TP configuration 
currently used in the on-going communication, the eNB 100 
may not need to transmit any indications to the other com 
munication parties. However, if the selected TP configuration 
requires a change to the current TP configuration, the eNB 
100 may decide to cause the transmission of the indication. 
This may allow for example low control channel overhead in 
the data channel. After the indication, the Scell and the UEs 
108, 109 may employ the indicated TP mode in communica 
tion on the CA band. 

0043. The eNB 100 may, for example, use dedicated sig 
naling to each UE 108,109 when transmitting the information 
to each of the UEs 108,109 or to only a subset of the UEs 108, 
109. Therefore, the eNB100 may indicate to the UEs 108,109 
an uplink (UL) max transmission power to be used in the 
closed-loop UL power control procedure on the aggregated 
bandwidth of the CCs so as to limit the UE's total output 
transmission power to, for example, 10 dBm maximum and to 
10 dBm/MHz maximum. As the UL power control signaling 
may be indicated via the dedicated signalling, there may be no 
need to modify the current downlink control information 
(DCI) format on the physical downlink control channel (PD 
CCH) used for the UL power control. Similarly dedicated 
signaling may be used for indicating the new downlink (DL) 
power control configuration on the aggregated bandwidth to 
the at least one Scell. The dedicated signaling may take place 
on a primary component carrier of the carrier aggregation 
configuration, for example. In another embodiment, the UES 
108, 109 and/or the at least one Scell (e.g. WLAN access 
point AP 104) may receive the information via a multicast or 
broadcast message from the eNB 100. 
0044 FIG. 4 further depicts a step 400 with dotted lines. 
The step 400 defines that the eNB 100 may, in an embodi 
ment, also determine the CA configuration comprising a pri 
mary component carrier corresponding to the PCell and at 
least one secondary component carrier corresponding to the 
at least one Scell. As said, the component carriers of the CA 
configuration are within the shared band applicable to a plu 
rality of communication systems. However, the CA configu 
ration step 400 may be omitted in case the CA configuration 
has already earlier been set up by the eNB 100 or by some 
other network entity. 
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0045. In case the eNB 100 does determine the CA con 
figuration in step 400, the eNB 100 may also cause an indi 
cation of the determined CA configuration to the at least one 
user terminal 108,109 and to the at least one Scell. Therefore, 
the Switching of LTE operations on Pcell to aggregated car 
riers on Pcell and Scell may be done via a dedicated signaling, 
for example. In an embodiment this indication may accom 
pany the indication of the TP configuration performed in step 
404. Thus, the newly selected TP configuration may be 
included in this message about the determined CA configu 
ration, or vice versa. In another embodiment, this indication is 
a separate indication. In an embodiment, the eNB 100 trans 
mitting the TP configuration simultaneously allows the UEs 
108, 109 and the Scell to detect that a predetermined CA 
configuration is to be applied in the communication with the 
eNB 100. In yet another embodiment, the eNB 100 transmit 
ting the CA configuration simultaneously allows the UES 
108, 109 and the Scell to detect that a predetermined TP 
configuration, such as the low TP configuration or the highTP 
configuration, is to be applied in the communication with the 
eNB 100 on the aggregated band. 
0046 Regarding the CA configuration, in an embodiment, 
the Peel is on the primary component carrier (PCC) with a 
bandwidth Bpcc., and the Scell in on the secondary compo 
nent carrier (SCC) on a carrier segment with a bandwidth 
Bscc. This results in an aggregated bandwidth of Bpcc-i-Bscc. 
The carrier segment is seen as a part of the aggregated carriers 
and, for example, no separate activation/deactivation is 
needed for the carrier segment. In practice WiFi interference 
on the unlicensed band is not likely to vary rapidly (e.g. 
switching of new WiFi Access Points or new WiFi stations 
coming on) and only a relatively small number of UEs are 
likely to be connected to the local LTE CA system on the 
unlicensed band. The PCC may be used for carrying the 
essential signaling, Such as a new system information block 
(SIB) message to indicate the data carrier configuration, Such 
as the bandwidth and the central frequency, data carrier indi 
cator to allocate the data carrier for UE monitoring, Physical 
Broadcast Channel (PBCH), Physical Control Format Indi 
cator Channel (PCFICH), Physical Downlink Control Chan 
nel (PDCCH), Physical HARQ Indicator Channel (PHICH), 
primary synchronization signal (PSS), secondary synchroni 
Zation signal (SSS), paging, and Physical Uplink Control 
Channel (PUCCH), for example. However, the PCC is also 
Suitable for communication of user data instead of or along 
with the control data. 

0047. The operating bandwidth of the PCC may vary. 
When using a narrow bandwidth for the PCC with a minimum 
requirement of 1.08 MHz, e.g., the PCC may be mapped/ 
deployed on the unlicensed band between two in-used WIFI 
carriers, e.g. to a gap between two non-overlapping signals on 
the shared band. However, when a wider bandwidth is 
allowed, more user data may be conveyed on the PCC as well. 
0048. The SCC in the combined carrier may be used to 
carry, for example, the PDCCH and physical downlink shared 
channel (PDSCH) for the data transmission in the downlink 
and the PUCCH and physical uplink shared channel 
(PUSCH) for the data transmission in the uplink. The at least 
one SCC may comprise carrier segments adjacent to the PCC 
and is mapped/deployed within the two non-overlapping sig 
nals, such as WiFi signals, on the shared band. The segments 
may be either semi-statically or statically configured. A 
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change in the CA configuration, e.g. a change in the configu 
ration of carrier segments, may cause a CAbandwidth change 
on the fly. 
0049. The operating bandwidth including the PCC and 
SCC may be configured with different system bandwidths. In 
an embodiment, the operation bandwidth of the CA configu 
ration is adjusted by the size and number of the at least one 
SCC. Thus, the eNB 100 may change the operation band 
width by (re)determining the CA configuration with respect 
to the number and/or size of the SCC. The variation in the 
operation bandwidth may allow the max output power of 10 
dBm to be used over relatively smaller bandwidth. This is 
beneficial for example when it is needed to improve a signal 
to-interference-plus-noise ratio (SINR) at the receiving party. 
For example, all UES applying the CA configuration may be 
configured with a system bandwidth of 10 MHZ correspond 
ing to 50 physical resource block (PRBs) instead of 20 MHz 
(=100PRBs), which gives 3 dB SINR gain. Further, with a 1.4 
MHz (=6 PRBs) system bandwidth, instead of 20 MHz, the 
gain may be approximately 10*log(100/6)=12. 
0050 FIGS.5A and 5B show an example mapping of the 
PCC and the at least one SCC for the 2.4 GHz ISM band and 
for the 5 GHz ISM band, respectively. FIG. 5A shows an 
example mapping of PCC 500 and SCC 502A, 502B in the 
ISM 2.4 GHz band assuming a DS PHY, as in the IEEE 
802.11b standards. Since the PCC 500 is mapped to a gap in 
the frequency domain between two non-overlapping WiFi DS 
PHY signals 301,306, the interference from WiFi is at mini 
mum. The SCC 502A, 502B on the carrier segments may be 
mapped within the non-overlapping WiFi DS PHY signals 
301,306. Hence, the receiver may experience relatively more 
WiFi interference at their respective receivers. The overall 
bandwidth Bpcc-i-Bscc may be 20 MHz, for example. The 
block having the right leaning diagonal lines shows an 
example of the PCC 500 with high transmit power, whereas 
the block with left leaning diagonal lines illustrates CA con 
figuration with the low TP mode applying at maximum a 
predetermined power threshold 504. 
0051. In FIG. 58 the same is shown for the 5 GHZ ISM 
band. The PCC 520 is between the two non-overlapping 
signals 322 and 323 on the shared band, whereas the SCC 
segments 522A, 522B are within the signal 322, 323 band 
widths. Again, the block having the right leaning diagonal 
lines shows an example of PCC 520 with high transmit power, 
whereas the block with left leaning diagonal lines illustrated 
CA configuration with the low TP mode applying at maxi 
mum a predetermined power threshold 524. 
0052. With respect to both FIGS.5A and 5B, based on UE 
108, 109 WiFi measurement report(s), the eNB 100 may 
decide that no significant WiFi interference is experienced at 
UE's 108, 109 receiver. This may be due to the UE 108, 109 
being relatively far from the WiFi interference source, such as 
a WiFiAccess Point or a WiFi station. Consequently, the eNB 
100 may configure the system bandwidth on aggregated car 
riers accordingly, as shown with the blocks having left lean 
ing diagonal lines. The BScc may be adjusted and be in the 
range 1.4 MHz (6 PRBs) to 20 MHz (100 PRBs). To conform 
to the max output power of let's say, 10 dBm, the indication 
of the TP configuration (such as a DLPowerControl Aggre 
gatedCarriers-config may indicate a 10*log(100/6)=12 dB 
lower transmission power over an aggregated bandwidth 
Bpcc-i-Bscc., which may be 20 MHz (100 PRBs) as shown in 
FIGS.5A and 5B, compared to a transmission power over a 
non-aggregated Bpcc., which may be 1.4 MHz (6 PRBs). 
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Non-aggregated means that there is no BScc and, hence the 
full 10 dBm transmission power may be used over a narrower 
system bandwidth as indicated by the blocks with right lean 
ing diagonal lines. 
0053. In an embodiment as shown in FIG. 6, the eNB 100 
determines in step 600 a timer value which defines when to 
apply at least one of the following: the determined carrier 
aggregation configuration and the selected transmission 
power configuration. Thus, in an embodiment, the timer value 
defines when the attached UEs 108 and 109 may activate the 
SCC on the carrier segment prescribed in the CA configura 
tion. In another embodiment, the timer value defines when to 
start applying the selected TP configuration. For example, if 
the current TP mode applies the high transmission power and 
eNB100 determines that the low TP mode is to be applied, the 
eNB 100 may define the timer value so that all communica 
tion parties or a Subset of all communication parties perform 
the change from the high TP mode to the low TP mode 
Substantially simultaneously. In yet another embodiment, the 
timer defines a time to trigger both, the determined CA con 
figuration and the selected TP configuration, on. 
0054) The eNB 100 may then in step 602 cause a trans 
mission of an indication of the timer value to the at least one 
UT 108,109 and theat least one Scell. A common timer value, 
such as a commonly known system frame number (SFN) 
value may be beneficial in order to allow the LTE system to 
Switch to the low transmission power aggregated bandwidth 
operation mode Substantially simultaneously. Thus, the timer 
value may be configured via a dedicated signaling to the UEs 
108,109 and to the Scell in order to allow them to activate the 
SCC at the same time. The proposed way may allow a DL 
power control with a possible bandwidth change on the fly. 
0055 Let us now look at how a switch between the differ 
ent TP configurations may be accomplished with respect to 
FIGS. 7 to 9. An orthogonal frequency division multiplexing 
(OFDM) modulation is assumed. There may be three differ 
ent TP configurations distinguished: 

005.6 Adaptive mode with the power in the range of 
10-20 dBm and the usage of the LBT/CCA procedure, 

0057. Non-adaptive mode with the power in the range 
of 10-20 dBm and the requirement of less than a prede 
termined resource utilization ratio for the high transmis 
sion power, and 

0058 Low TP mode mode (less than 10 dBm) without 
any constraint on sensing for CCA/LBT or the utiliza 
tion ratio. 

0059. The transmission power range (10-20 dBm) should 
be seen as a non-limiting example. The third mode is the low 
TP configuration without CCA/LBT procedure. The first one 
(the adaptive mode) corresponds to the highTP mode apply 
ing the LBT/CCA procedure which is illustrated in FIG. 2. 
The second mode in the list, i.e. the non-adaptive mode, on the 
other hand, does not apply the high transmission power in all 
transmissions but only for a certain period of time or only for 
a certain amount of resources. Thus, it is kind of a hybrid 
transmission mode which applies both of the low TP mode 
and the high TP mode in turns. 
0060 FIG.7 illustrates a how information from the at least 
one UE 108, 109 may be used in the decision on whether or 
not to switch the TP configuration. In step 700 the eNB 100 
acquires carrier sensing information from at least one UT 
108, 109 applying the aggregated carrier configuration. Such 
information may also be received from the Scell. However, 
for the sake of simplicity, let us assume that a user terminal 
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transmits the data to the eNB 100. The carrier sensing infor 
mation acquisition may be done in order to enable (re)selec 
tion of the TP configuration based on the acquired carrier 
sensing information. The carrier sensing information may be 
related to at least one of the following: a traffic load on any of 
the applied component carriers and interference on any of the 
applied component carriers. 
0061. When the UE108,109 is currently applying the high 
TP configuration, the UE 108, 109 performs carrier sensing 
based on the LBT procedure. The carrier sensing information 
obtained in the LBT procedure may be transmitted to the eNB 
100 in step 700, for example. 
0062 However, when the current TP configuration is the 
low TP configuration, the UE 108, 109 does not perform the 
LBT/CCA procedure. In this case, it may be advantageous, as 
shown in FIG.8, that the eNB 100, upon selecting the low TP 
configuration, defines in step 800 a periodic carrier sensing to 
take place by the UE during the low TP power configuration. 
The eNB 100 may then transmit in step 802 an indication to 
the at least one user terminal to perform the periodic carrier 
sensing in order to enable the acquisition of the carrier sens 
ing information by the eNB 100 in step 700. In other words, 
even though low TP configuration does not require the UE 
108,109 to performany carrier sensing, the UE 108,109 may 
make channel assessment with a configured period to check 
the possibility of switching back to highTP mode. The peri 
odic carrier sensing configuration may be signalled by the 
eNB 100 via a dedicated signaling or a broadcast message. 
Therefore, regardless of the current TP mode, the eNB 100 is 
able to receive carrier sensing information from the UEs 108, 
109 and/or from the Scell, in case the Scell is configured to 
sense the carrier. The Scell may be configured to sense the 
channel in the same manners as the UEs 108, 109 are config 
ured to do so. 

0063. The eNB 100 may derive a parameter from the car 
rier sensing information obtained. Such parameter may be the 
amount of traffic, amount of interference, an interference 
detection ratio, a number of “dirty' channel detections within 
a predetermined time period, a number of adjacent “dirty' 
channel detections, for example. Then in step 702, the eNB 
100 may determine whether or not the derived parameter 
exceeds a predetermined threshold. 
0064. In an embodiment as shown in FIGS. 9A and 9B, the 
carrier sensing information indicates at least one of the fol 
lowing: the number of detections indicating an occupied 
channel during a predetermined time window 900 in FIG.9A, 
and the number of adjacent detections indicating an occupied 
channel. In the Figures, a detection of an occupied channel in 
marked with a block having right leaning diagonal lines, 
whereas a detection of a free channel is marked with white 
blocks 902 and 906. After detecting a fee channel/carrier, the 
transmitting device is free to send for a certain period of time, 
as shown with arrows 904 and 908. Looking at FIG.9A, it 
may be seen that there are four “dirty' channel detections. 
This information may be used to derive an interference detec 
tion ratio as a ratio of “dirty detections over the all attempts 
of channel assessment during the predefined sliding time 
window 900. In another example shown in FIG. 9B, the 
number of consecutive “dirty channel detections may be 
obtained. In the example of FIG.9B, the number of adjacent 
“dirty” detections is four. Either of these parameters may be 
used as the criteria to switch between the low TP mode and the 
highTP mode in step 702. 
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0065. As an example, in case of low load and/or low inter 
ference (e.g. the acquired carrier sensing information indi 
cates traffic load and/or the interference not exceeding pre 
determined load and/or interference thresholds in step 702), 
CCA based highTP mode may be efficient. As a consequence, 
the method of FIG.7 may proceed to step 704 where the high 
TP mode with LBT/CCA procedure is kept or triggered on. In 
particular, upon detecting that the selected TP configuration 
requires a change of the current TP configuration, the eNB 
100 may transmit an indication of the selected high TP con 
figuration to the at least one user terminal and the at least one 
secondary cell. 
0066. In case the acquired carrier sensing information 
indicates the traffic load not exceeding the predetermined 
load threshold and the interference exceeding the predeter 
mined interference threshold, the eNB 100 may select the 
high transmission power configuration without the listen 
before-talk approach. As a consequence, the method of FIG. 
7 may proceed to step 704 where the high TP mode without 
LBT/CCA procedure is kept or triggered on. Thereafter, the 
selected TP mode may be indicated to the other communica 
tion parties if needed. However, although not shown in the 
Figure, the periodic carrier/channel sensing may take place 
also with this highTP mode without the LBT/CCA in order to 
acquire carrier sensing information. For the setting of Such 
periodic carrier sensing, the procedure as shown in FIG. 8 
may be applied. 
0067. In all other comparison case, the low transmission 
power mode may be selected. For example, in case of high 
load and/or strong interference, (e.g. the acquired carrier 
sensing information indicates traffic load and/or the interfer 
ence exceeding the predetermined load and/or interference 
thresholds in step 702), the low TP mode with less than 10 
dBm power may be applied. Then the transmitting device 
does not perform the LBT procedure and is able to transmit 
data with low transmit power even if the channel is occupied. 
Accordingly, the method of FIG.7 may proceed to step 706 
for defining the periodic carrier sensing configuration for the 
low TP mode, as depicted in FIG.8. However the step 706 
may be omitted if the communicating parties are aware of a 
predetermined carrier sensing configuration that is to be 
applied during the low TP configuration. Thereafter, the 
method may proceed to step 708 where the low TP mode is 
either kept or triggered on. The eNB100 may apply dedicated 
signaling or broadcasting in conveying the selected TP mode 
to the UEs 108, 109 and to the Scell, if needed. 
0068. Therefore, the switching may depend on a predeter 
mined threshold for the load and/or the interference. The 
predetermined threshold may be obtained via empirical 
experiments, for example. In an embodiment, the predeter 
mined load threshold may be 10%, e.g. the channel is occu 
pied 10% of the time. As said, the acquired carrier sensing 
information may also be used to derive the interference detec 
tion ratio during the LBT/CCA procedure. The interference 
detection ratio may be used to reflect the access collision 
probability coupling with the load and the interference. For 
example, in case the interference detection ratio is higher than 
a predefined threshold, the device may enter to steps 706 and 
708 in order to keep on trigger on the low TP operation mode. 
The device may still make channel assessment with a config 
ured period to check the possibility of switching back CCA 
mode, as illustrated in FIG.8. As a further option the prede 
termined threshold in the criteria and the measurement slid 
ing window 900 may be configured and signalled to the UE 
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108,109 via a dedicated signaling or a broadcast message. As 
the UE 108, 109 may obtain the knowledge of the switching 
criteria, the UE 108, 109 may itself decide whether or not to 
Switch the current transmission power configuration. 
0069. Moreover, the mode switching criteria may be dif 
ferent depending on the current TP mode. For example, 
switching from the high TP mode to the low TP mode may 
depend on checking the interference detection ratio criteria, 
whereas switching from the low TP mode to the highTP mode 
with the LBT/CCA may depend on monitoring how consecu 
tively the “dirty' channel detection happens. The mode 
Switching may allow an optimum use of the wireless medium 
based on the power control due to efficient utilization of the 
fractional resources in the unlicensed band. 

0070 Let us next look at the hybrid mode, i.e. the non 
adaptive highTP configuration. The eNB100 may acquire, as 
shown in step 1000 of FIG. 10, knowledge of a requirement 
for utilization rate of the high transmission power in the 
communication taking place on the component carriers of the 
CA configuration. For example, for an OFDM based non 
adaptive high TP mode, there may be a requirement for the 
Wireless Medium Utilization Factor (WMUF), which 
requires that the high transmission power is applied with less 
than 10% utilization ratio of the time/power resources, 
wherein the 10% is a non-limiting example. The eNB 100 
may acquire the utilization ratio corresponding to a time 
period/resources from the network via a dedicated signaling, 
for example. During the 10% utilization period, the high 
transmission power without the CCA/LBT procedure may be 
applied. This high transmission power period may be used for 
the most essential control signaling and/or high priority data 
due to the better coverage and high quality, for example. 
During the 90% idle period, the low transmission power may 
be applied. The low transmission power period may be used 
for a lower priority data transmission. During the low TP 
periods, the periodic carrier sensing as indicated in FIG. 8 
may be applied instead of the LBT procedure. In another 
example, for an OFDM based adaptive high TP mode, there 
may be a requirement for the Wireless Medium Utilization 
Factor (WMUF), which requires that the high transmission 
power is applied with more than 10% utilization ratio of the 
time/power resources. During the more than 10% utilization 
period, the high transmission power with the CCA/LBT pro 
cedure may be applied. 
(0071. As illustrated in FIGS. 10 and 11, there are several 
approaches for the high TP and low TP mode switching to 
ensure less than 10% WMUF in the non-adaptive high TP 
mode operation. Although not detailed here, the same 
approaches may be used for the switching in the OFDM based 
adaptive highTP mode with the requirement for the WMUF, 
which requires that the high transmission power is applied 
with more than 10% utilization ratio of the time/power 
resources. It is to be noted that the 10% is a non-limiting 
example. 
(0072. In an embodiment, the eNB 100 defines, in step 
1002, a periodic timer for switching between the high TP 
configuration and the low TP configuration in order to fulfill 
the requirement for the utilization rate. Thereafter, the eNB 
100 may cause a signaling of the timer to the at least one UT 
108,109 and the at least one Scell in step 1004. The operation 
according to the periodic timer for Switching is shown in FIG. 
11A. The period 1100 and 1104 are periodically triggered on 
for transmitting data with high power, whereas the periods 
1102 and 1106 are reserved for transmitting data with low 
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transmit power. Such a configuration ensures that the utiliza 
tion rate requirement is obeyed with. 
0073. As another embodiment, step 1006 of FIG. 1000 
comprise causing transmission of a plurality of indications to 
the at least one user terminal 108, 109 and the at least one 
secondary cell, wherein each of the plurality of indications 
indicates a switch to the high TP configuration or to the low 
TP configuration depending on the current TP configuration, 
in order to fulfill the requirement for the utilization rate. Such 
embodiment is further illustrated in FIG. 11B where the high 
transmission periods 1110, 1114 and 1118 are dynamically 
switched on by an eNB signaling. During the rest of the time, 
e.g. during periods 1112 and 1116, the transmitting device is 
to apply low transmission power. Alternatively the periods for 
low transmission power 1112 and 1116 may be dynamically 
switched on by the eNB signaling. During the rest of the time, 
e.g. during periods 1110, 1114 and 1118, the transmitting 
device is to apply high transmission power. As can be seen, 
the periods may not be of the same duration. Although FIGS. 
11A and 11B illustrate the time domain, the requirement for 
the utilization rate of the high transmit power may be simi 
larly defined for the frequency domain, for example. 
0074. In an embodiment, a subset of the UEs 108, 109, 
such as one of the UEs 108,109, in the cell are associated with 
the selected TP mode configuration. However, in an embodi 
ment, all of the connected user terminals 108, 109 in the 
primary cell are associated with the selected TP configura 
tion. In this case, the eNB 100 may indicate each UE in the 
primary cell to apply the CA configuration with the selected 
TP mode when communicating on the component carriers of 
the carrier aggregation configuration. Thus, the Switch to the 
transmission power mode may be cell-specific, not UE-spe 
cific. 

0075 For example, there may be cell-edge UEs that may 
not be able to receive properly even the high power transmis 
sion. The eNB 100 may know this if DL packets are not 
acknowledged by the UES or simply make use of a timing 
advance in a specified UL timing alignment procedure. When 
there are many cell-edge UEs unable to receive the packets, 
the eNB100 may switch the transmission mode. Thus, a kind 
offine tuning for the cell-edge UEs may be a part of eNB 100 
functionalities. As the UEs are aware of the transmission 
power mode of the system based on signaling or the pre 
defined timer value, the cell-edge UEs with power shortage 
may enter into idle mode during the low transmission power 
mode. This may not be harmful to the cell-edge UEs because 
they may not be able to operate properly even with the highTP 
mode. As such, the mode switching to the low TP mode may 
bring benefits for the cell-central UEs and may not be harmful 
for the cell-edge UEs. 
0076 An embodiment, as shown in FIG. 12, provides an 
apparatus 1200 comprising a control circuitry (CTRL) 1202, 
Such as at least one processor, and at least one memory 1204 
including a computer program code (PROG), wherein the at 
least one memory 1204 and the computer program code 
(PROG), are configured, with the at least one control circuitry 
1202, to cause the apparatus 1200 to carry out any one of the 
above-described processes. It should be noted that FIG. 12 
shows only the elements and functional entities required for 
understanding a processing system of the apparatus 1200. 
Other components have been omitted for reasons of simplic 
ity. It is apparent to a person skilled in the art that the appa 
ratus may also comprise other functions and structures. 
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0077. In an embodiment, the apparatus 1200 may be or be 
comprised in a base station (also called a base transceiver 
station, a Node B, a radio network controller, or an evolved 
Node B, for example). In an embodiment the apparatus 1200 
is or is comprised in the eNB 100 of the primary cell. 
0078. As said, the apparatus 1200 may comprise a control 
circuitry 1202, e.g. a chip, a processor, a micro controller, or 
a combination of Such circuitries causing the apparatus to 
performany of the embodiments of the invention. The control 
circuitry 1202 may be implemented with a separate digital 
signal processor provided with suitable software embedded 
on a computer readable medium, or with a separate logic 
circuit. Such as an application specific integrated circuit 
(ASIC). The control circuitry 1202 may comprise an inter 
face. Such as computer port, for providing communication 
capabilities. The memory 1204 may store software (PROG) 
executable by the at least one control circuitry 1202. 
007.9 The control circuitry 1202 may comprise a trans 
mission power (TP) mode selection circuitry 1210 for select 
ing the transmission power mode according to any of the 
embodiments. 

0080. The control circuitry 1202 may comprise a carrier 
aggregation (CA) mode determination circuitry 1212 for 
determining the CA configuration according to any of the 
embodiments. 

I0081. The apparatus 1200 may further comprise radio 
interface components (TRX) 1206 providing the apparatus 
with radio communication capabilities with the radio access 
network. The radio interface components 1206 may comprise 
standard well-known components such as amplifier, filter, 
frequency-converter, (de)modulator, and encoder/decoder 
circuitries and one or more antennas. 

I0082. The apparatus 1200 may also comprise a user inter 
face 1208 comprising, for example, at least one keypad, a 
microphone, a touch display, a display, a speaker, etc. The 
user interface 1208 may be used to control the apparatus 1200 
by the user. 
I0083. As said, the apparatus 1200 may comprise the 
memory 1204 connected to the control circuitry 1202. How 
ever, memory may also be integrated to the control circuitry 
1202 and, thus, no memory 1204 may be required. The 
memory 1204 may be implemented using any suitable data 
storage technology, such as semiconductor based memory 
devices, flash memory, magnetic memory devices and sys 
tems, optical memory devices and systems, fixed memory and 
removable memory. The memory 1204 may be for storing 
data related to the transmission power modes and to the CA 
configurations. It may further store information related to the 
predetermined criteria and thresholds for switching between 
different modes, for example. 
I0084 An embodiment, as shown in FIG. 13, provides an 
apparatus 1300 comprising a control circuitry (CTRL) 1302, 
Such as at least one processor, and at least one memory 1304 
including a computer program code (PROG), wherein the at 
least one memory 1304 and the computer program code 
(PROG), are configured, with the at least one control circuitry 
1302, to cause the apparatus 1300 to carry out any one of the 
above-described processes. It should be noted that FIG. 13 
shows only the elements and functional entities required for 
understanding a processing system of the apparatus 1300. 
Other components have been omitted for reasons of simplic 
ity. It is apparent to a person skilled in the art that the appa 
ratus may also comprise other functions and structures. 
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0085. In an embodiment, the apparatus 1300 may be or be 
comprised in a base station (also called a base transceiver 
station, a Node B, a radio network controller, or an evolved 
Node B, for example). In an embodiment the apparatus 1300 
is or is comprised in the eNB 100 of the secondary cell. 
I0086. In another embodiment, the apparatus 1300 may 
comprise the terminal device of a cellular communication 
system, e.g. a computer (PC), a laptop, a tabloid computer, a 
cellular phone, a communicator, a Smartphone, a palm com 
puter, or any other communication apparatus. Alternatively, 
the apparatus 1300 is comprised in such a terminal device. 
Further, the apparatus 1300 may be or comprise a module (to 
be attached to the UE) providing connectivity, Such as a 
plug-in unit, an “USB dongle', or any other kind of unit. The 
unit may be installed either inside the UE or attached to the 
UE with a connector or even wirelessly. In yet another 
embodiment, the apparatus 1300 is or is comprised in a base 
station of a secondary cell. 
0087 As said, the apparatus 1300 may comprise a control 
circuitry 1302, e.g. a chip, a processor, a micro controller, or 
a combination of Such circuitries causing the apparatus to 
performany of the embodiments of the invention. The control 
circuitry 1302 may be implemented with a separate digital 
signal processor provided with suitable software embedded 
on a computer readable medium, or with a separate logic 
circuit, such as an application specific integrated circuit 
(ASIC). The control circuitry 1302 may comprise an inter 
face. Such as computer port, for providing communication 
capabilities. The memory 1304 may store software (PROG) 
executable by the at least one control circuitry 1302. 
0088. The control circuitry 1302 may comprise a power 
control circuitry 1310 for applying the indicated transmission 
power mode according to any of the embodiments. 
0089. The control circuitry 1302 may comprise a carrier 
aggregation (CA) circuitry 1312 for performing the CA con 
figuration according to any of the embodiments. 
0090 The apparatus 1300 may further comprise radio 
interface (TRX) components 1306 providing the apparatus 
with radio communication capabilities with the radio access 
network. The radio interface components 1306 may comprise 
standard well-known components such as amplifier, filter, 
frequency-converter, (de)modulator, and encoder/decoder 
circuitries and one or more antennas. 
0091. The apparatus 1300 may also comprise a user inter 
face 1308 comprising, for example, at least one keypad, a 
microphone, a touch display, a display, a speaker, etc. The 
user interface 1308 may be used to control the apparatus 1300 
by the user. 
0092. As said, the apparatus 1300 may comprise the 
memory 1304 connected to the control circuitry 1302. How 
ever, memory may also be integrated to the control circuitry 
1302 and, thus, no memory 1304 may be required. The 
memory 1304 may be implemented using any suitable data 
storage technology, such as semiconductor based memory 
devices, flash memory, magnetic memory devices and sys 
tems, optical memory devices and systems, fixed memory and 
removable memory. The memory 1304 may be for storing 
data related to the transmission power modes and to the CA 
configurations. It may further store information related to the 
predetermined criteria and thresholds for switching between 
different modes, for example. 
0093. As used in this application, the term “circuitry 
refers to all of the following: (a) hardware-only circuit imple 
mentations. Such as implementations in only analog and/or 
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digital circuitry, and (b) combinations of circuits and Software 
(and/or firmware), such as (as applicable): (i) a combination 
of processor(s) or (ii) portions of processor(s)/software 
including digital signal processor(s), Software, and memory 
(ies) that work together to cause an apparatus to perform 
various functions, and (c) circuits, such as a microprocessor 
(s) or a portion of a microprocessor(s), that require Software 
or firmware for operation, even if the software or firmware is 
not physically present. This definition of circuitry applies to 
all uses of this term in this application. As a further example, 
as used in this application, the term “circuitry would also 
cover an implementation of merely a processor (or multiple 
processors) or a portion of a processor and its (or their) 
accompanying software and/or firmware. The term “circuitry 
would also cover, for example and if applicable to the par 
ticular element, a baseband integrated circuit or applications 
processor integrated circuit for a mobile phone or a similar 
integrated circuit in a server, a cellular network device, or 
another network device. 

0094. The techniques and methods described herein may 
be implemented by various means. For example, these tech 
niques may be implemented in hardware (one or more 
devices), firmware (one or more devices), Software (one or 
more modules), or combinations thereof. For a hardware 
implementation, the apparatus(es) of embodiments may be 
implemented within one or more application-specific inte 
grated circuits (ASICs), digital signal processors (DSPs), 
digital signal processing devices (DSPDs), programmable 
logic devices (PLDs), field programmable gate arrays (FP 
GAS), processors, controllers, micro-controllers, micropro 
cessors, other electronic units designed to perform the func 
tions described herein, or a combination thereof. For 
firmware or software, the implementation can be carried out 
through modules of at least one chip set (e.g. procedures, 
functions, and so on) that perform the functions described 
herein. The software codes may be stored in a memory unit 
and executed by processors. The memory unit may be imple 
mented within the processor or externally to the processor. In 
the latter case, it can be communicatively coupled to the 
processor via various means, as is known in the art. Addition 
ally, the components of the systems described herein may be 
rearranged and/or complemented by additional components 
in order to facilitate the achievements of the various aspects, 
etc., described with regard thereto, and they are not limited to 
the precise configurations set forth in the given figures, as will 
be appreciated by one skilled in the art. 
0.095 Thus, according to an embodiment, the apparatus 
comprises processing means configure to carry out embodi 
ments of any of the FIGS. 1 to 12. In an embodiment, the 
control circuitry 1202. Such as at least one processor, the 
memory 1204, and the computer program code (PROG) form 
an embodiment of processing means for carrying out the 
embodiments of the invention. In another embodiment, the 
control circuitry 1302, such as at least one processor, the 
memory 1304, and the computer program code (PROG) form 
an embodiment of processing means for carrying out the 
embodiments of the invention. 

0096 Embodiments as described may also be carried out 
in the form of a computer process defined by a computer 
program. The computer program may be in source code form, 
object code form, or in Some intermediate form, and it may be 
stored in Some sort of carrier, which may be any entity or 
device capable of carrying the program. For example, the 
computer program may be stored on a computer program 
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distribution medium readable by a computer or a processor. 
The computer program medium may be, for example but not 
limited to, a record medium, computer memory, read-only 
memory, electrical carrier signal, telecommunications signal, 
and Software distribution package, for example. 
0097. Even though the invention has been described above 
with reference to an example according to the accompanying 
drawings, it is clear that the invention is not restricted thereto 
but can be modified in several ways within the scope of the 
appended claims. Therefore, all words and expressions 
should be interpreted broadly and they are intended to illus 
trate, not to restrict, the embodiment. It will be obvious to a 
person skilled in the art that, as technology advances, the 
inventive concept can be implemented in various ways. Fur 
ther, it is clear to a person skilled in the art that the described 
embodiments may, but are not required to, be combined with 
other embodiments in various ways. 

1. A method, comprising: 
acquiring, by a controller, indication of a transmission 
power configuration for a communication taking place 
on component carriers of a carrier aggregation configu 
ration within a shared band, wherein the transmission 
power configuration is either a low transmission power 
configuration applying a transmission power below a 
predetermined power threshold without a listen-before 
talk approach or a high transmission power configura 
tion applying a transmission power of at least the prede 
termined power threshold; and 

causing to apply the indicated transmission power configu 
ration in the communication. 

2. The method of claim 1, further comprising: 
acquiring a timer value which defines when to apply at least 

one of the following: the determined carrier aggregation 
configuration and the selected transmission power con 
figuration; and 

causing to start applying the indicated carrier aggregation 
configuration at time instant of the timer value. 

3. The method of claim 1, further comprising: 
acquiring an indication to perform a periodic component 

carrier sensing during the low transmission power con 
figuration in order to obtain carrier sensing information; 
and 

causing indication of the carrier sensing information to a 
base station in order to enable reselection of the trans 
mission power configuration based on the indicated car 
rier sensing information, wherein the carrier sensing 
information is related to at least one of the following: a 
traffic load on any of the applied component carriers and 
interference on any of the applied component carriers. 

4. The method of claim 3, further comprising: 
acquiring an indication to apply one of the following: the 

high transmission power configuration combined with 
the listen-before-talk approach when the indicated car 
rier sensing information indicates the traffic load and/or 
the interference not exceeding predetermined load and/ 
or interference thresholds, the high transmission power 
configuration without the listen-before-talk approach 
when the acquired carrier sensing information indicates 
the traffic load not exceeding the predetermined load 
threshold and the interference exceeding the predeter 
mined interference threshold, and the low transmission 
power configuration in all other cases. 
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5. The method of claim 1, further comprising: 
performing one of the following: 
acquiring an indication of a periodic timer for Switching 

between the high transmission power configuration and 
the low transmission power configuration in order to 
fulfill a requirement for the utilization rate of the high 
transmission power in the communication taking place 
on the component carriers of the carrier aggregation 
configuration, 

or acquiring a plurality of indications, wherein each of the 
plurality of indications indicates a Switch to the high 
transmission power configuration or to the low transmis 
sion power configuration depending on the current 
transmission power configuration, in order to fulfill a 
requirement for the utilization rate of the high transmis 
sion power in the communication taking place on the 
component carriers of the carrier aggregation configu 
ration. 

6. An apparatus, comprising: 
at least one processor and at least one memory including a 

computer program code, wherein the at least one 
memory and the computer program code are configured 
to, with the at least one processor, cause the apparatus at 
least to: 

select a transmission power configuration for a communi 
cation with at least one user terminal taking place on 
component carriers of a carrier aggregation configura 
tion within a shared band, wherein the selection is 
between a low transmission power configuration apply 
ing a transmission power below a predetermined power 
threshold without a listen-before-talk approach and a 
high transmission power configuration applying a trans 
mission power of at least the predetermined power 
threshold; and 

upon detecting that the selected transmission power con 
figuration needs to be informed, cause an indication of 
the selected transmission power configuration to the at 
least one user terminal and at least one secondary cell. 

7. The apparatus of claim 6, wherein the apparatus is fur 
ther caused to: 

determine the carrier aggregation configuration compris 
ing a primary component carrier corresponding to the 
primary cell and at least one secondary component car 
rier corresponding to the at least one secondary cell, 
wherein the component carriers of the carrier aggrega 
tion configuration are within the shared band applicable 
to a plurality of communication systems, wherein the 
primary component carrier is mapped to a gap between 
two non-overlapping signals on the shared band and the 
at least one secondary component carrier comprises car 
rier segments adjacent to the primary component carrier 
and is mapped within the two non-overlapping signals 
on the shared band; 

cause an indication of the determined carrier aggregation 
configuration to the at least one user terminal and the at 
least one secondary cell; and 

adjust the operation bandwidth of the carrier aggregation 
configuration by the size and number of the at least one 
secondary component carrier. 

8. The apparatus of claim 6, wherein the apparatus is fur 
ther caused to: 



US 2013/0203458 A1 

determine a timer value which defines when to apply at 
least one of the following: the determined carrier aggre 
gation configuration and the selected transmission 
power configuration; and 

cause an indication of the timer value to the at least one user 
terminal and the at least one secondary cell. 

9. The apparatus of claim 6, wherein the predetermined 
power threshold limits a total transmission power to 10 dBm 
and to 10 dBm per one MHz bandwidth at maximum, over the 
bandwidth of the aggregated carriers. 

10. The apparatus of claim 6, wherein the apparatus is 
further caused to: 

upon selecting the low power transmission configuration, 
define a periodic component carrier sensing to take place 
during the low transmission power configuration; 

cause an indication to the at least one user terminal to 
perform the periodic component carrier sensing in order 
to enable the acquisition of carrier sensing information; 
and 

acquire the carrier sensing information from at least one 
user terminal applying the aggregated carrier configura 
tion in order to enable reselection of the transmission 
power configuration based on the acquired carrier sens 
ing information, wherein the carrier sensing information 
is related to at least one of the following: a traffic load on 
any of the applied component carriers and interference 
on any of the applied component carriers. 

11. The apparatus of claim 10, wherein the apparatus is 
further caused to: 

perform one of the following: select the high transmission 
power configuration combined with the listen-before 
talk approach when the acquired carrier sensing infor 
mation indicates the traffic load and/or the interference 
not exceeding predetermined load and interference 
thresholds, select the high transmission power configu 
ration without the listen-before-talk approach when the 
acquired carrier sensing information indicates the traffic 
load not exceeding the predetermined load threshold and 
the interference exceeding the predetermined interfer 
ence threshold, and otherwise select the low transmis 
sion power configuration; and 

upon detecting that the selected transmission power con 
figuration requires a change of the current transmission 
power configuration, cause an indication of the selected 
transmission power configuration to the at least one user 
terminal and the at least one secondary cell. 

12. The apparatus of claim 6, wherein the apparatus is 
further caused to: 

acquire knowledge of a requirement for utilization rate of 
the high transmission power in the communication tak 
ing place on the component carriers of the carrier aggre 
gation configuration; and 

perform one of the following: 
define a periodic timer for switching between the high 

transmission power configuration and the low transmis 
sion power configuration in order to fulfill the require 
ment for the utilization rate, and cause an indication of 
the timer to the at least one user terminal and the at least 
one secondary cell, 

or cause a plurality of indications to the at least one user 
terminal and the at least one secondary cell, wherein 
each of the plurality of indications indicates a switch to 
the high transmission power configuration or to the low 
transmission power configuration depending on the cur 
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rent transmission power configuration, in order to fulfill 
the requirement for the utilization rate. 

13. The apparatus of claim 6, wherein the at least one user 
terminal comprises all connected user terminals in the pri 
mary cell, thereby causing each connected user terminal in 
the primary cell to apply the selected transmission power 
configuration when communicating on the component carri 
ers of the carrier aggregation configuration. 

14. An apparatus, comprising: 
at least one processor and at least one memory including a 

computer program code, wherein the at least one 
memory and the computer program code are configured 
to, with the at least one processor, cause the apparatus at 
least to: 

acquire indication of a transmission power configuration 
for a communication taking place on component carriers 
of a carrier aggregation configuration within a shared 
band, wherein the transmission power configuration is 
either a low transmission power configuration applying 
a transmission power below a predetermined power 
threshold without a listen-before-talk approach or a high 
transmission power configuration applying a transmis 
sion power of at least the predetermined power thresh 
old; and 

apply the indicated transmission power configuration in 
the communication. 

15. The apparatus of claim 14, wherein the apparatus is 
further caused to: 

acquire indication of a carrier aggregation configuration 
comprising a primary component carrier corresponding 
to the primary cell and at least one secondary component 
carrier corresponding to the at least one secondary cell, 
wherein the component carriers of the carrier aggrega 
tion configuration are within the shared band applicable 
to a plurality of communication systems. 

16. The apparatus of claim 14, wherein the apparatus is 
further caused to: 

acquire a timer value which defines when to apply at least 
one of the following: the determined carrier aggregation 
configuration and the selected transmission power con 
figuration; and 

cause to start applying the indicated carrier aggregation 
configuration at time instant of the timer value. 

17. The apparatus of claim 14, wherein the predetermined 
power threshold limits a total transmission power to 10 dBm 
and to 10 dBm per one MHz bandwidth at maximum, over the 
bandwidth of the aggregated carriers. 

18. The apparatus of claim 14, wherein the apparatus is 
further caused to: 

acquire an indication to perform a periodic component 
carrier sensing during the low transmission power con 
figuration in order to obtain carrier sensing information; 
and 

cause indication of the carrier sensing information to a base 
station in order to enable reselection of the transmission 
power configuration based on the indicated carrier sens 
ing information, wherein the carrier sensing information 
is related to at least one of the following: a traffic load on 
any of the applied component carriers and interference 
on any of the applied component carriers. 

19. The apparatus of claim 18, wherein the apparatus is 
further caused to: 

acquire an indication to apply one of the following: the 
high transmission power configuration combined with 
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the listen-before-talk approach when the indicated car 
rier sensing information indicates the traffic load and/or 
the interference not exceeding predetermined load and/ 
or interference thresholds, the high transmission power 
configuration without the listen-before-talk approach 
when the acquired carrier sensing information indicates 
the traffic load not exceeding the predetermined load 
threshold and the interference exceeding the predeter 
mined interference threshold, and the low transmission 
power configuration in all other cases. 

20. The apparatus of claim 14, wherein the apparatus is 
further caused to: 

perform one of the following: 
acquire an indication of a periodic timer for Switching 

between the high transmission power configuration and 
the low transmission power configuration in order to 
fulfill a requirement for the utilization rate of the high 
transmission power in the communication taking place 
on the component carriers of the carrier aggregation 
configuration, 

or acquire a plurality of indications, wherein each of the 
plurality of indications indicates a Switch to the high 
transmission power configuration or to the low transmis 
sion power configuration depending on the current 
transmission power configuration, in order to fulfill a 
requirement for the utilization rate of the high transmis 
sion power in the communication taking place on the 
component carriers of the carrier aggregation configu 
ration. 


